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(57) ABSTRACT 

A liquid crystal display panel having a plurality of pixels is 
provided. Each pixel may include a ?rst substrate, a second 
substrate, a liquid crystal layer, a re?ective layer and a cover 
layer. A surface of the second substrate includes a second 

<72 (21) App1_ NO; 11/243,044 re?ective layer is disposed over at least a portion‘ of the 
second transparent electrode. The cover layer is d1sposed 

(22) Filed: Oct. 4, 2005 over the re?ective layer. 
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DISPLAY PANEL HAVING A REFLECTIVE LAYER 
THEREIN 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention generally relates to a display 
device having a re?ective layer therein. More particularly, 
the present invention relates to a structure of a liquid crystal 
display panel having a re?ective layer therein, and a display 
device and electronic device using thereof. 

[0003] 2. Description of Related Art 

[0004] In recent years, conventional cathode ray tube 
(CRT) display has been gradually replaced by liquid crystal 
display (LCD) since LCD has advantages of small siZe, 
thinner thickness, light Weight, large or small area, loW 
operation voltage, poWer saving, and radiation free. There 
fore, LCD has been gradually adopted for the display device 
of a variety of electronic products, specially the portable 
electronic products such as notebook computer, mobile 
phone, personal digital assistant (PDA) and so on. 

1. Field of the Invention 

[0005] Conventionally, LCD is not self-illuminant, thus an 
external light source for liquid crystal panel is necessary. In 
general, conventional LCD may be classi?ed into transmis 
sive LCD, re?ective LCD, and trans?ective LCD according 
to the type of light source of the LCD. The light source of 
transmissive LCD may be a back light module disposed 
behind the liquid crystal panel of the transmissive LCD. 
Therefore, a light is emitted from the back light module, and 
the polarization of the light may be changed by the liquid 
crystal molecules Within the liquid crystal panel according to 
the image signal to generate an image. Thereafter, the image 
may be observed by the vieWer. 

[0006] Recently, the re?ective LCD and trans?ective LCD 
are developed since the poWer consumption of the portable 
electronic products has to be minimiZed. In the trans?ective 
LCD, a back light module is disposed behind the liquid 
crystal panel, and the light in the surrounding environment 
of the LCD is alloWed to pass through the liquid crystal 
panel. In addition, a layer including re?ection region and 
transparent region is disposed on the liquid crystal panel. 
Therefore, the light from the surrounding environment is 
re?ected by the re?ection region, and the light from the back 
light module is alloWed to pass through the transparent 
region. Thereafter, an image is generated after the polariZa 
tion of the light from the light module or the light from the 
surrounding environment is changed by the liquid crystal 
molecules Within the liquid crystal panel according to the 
data signal. Accordingly, the image may be observed by the 
vieWer. 

[0007] Therefore, the poWer consumption of the trans?ec 
tive LCD may be reduced drastically. Especially, the por 
table electronic product is often used outdoors. In general, 
When the outdoor is bright, the contrast ratio of the trans 
missive LCD is reduced since the brightness of background 
is high. HoWever, the trans?ective LCD is not in?uenced 
since the light in the surrounding environment is used as the 
light source. 

[0008] HoWever, the conventional trans?ective LCD has 
the disadvantages that ?ickers of the displayed image are 
generated due to the difference of the Work function betWeen 
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the ?rst transparent electrode on a top substrate and the 
re?ection electrode on a bottom substrate. It is necessary to 
improve the layer structure of the trans?ective LCD to 
improve ?ickers of the image. 

SUMMARY OF THE INVENTION 

[0009] Therefore, the present invention relates to a liquid 
crystal display panel, Wherein the ?ickers of the displayed 
image may be eliminated. 

[0010] Furthermore, the present invention relates to a 
liquid crystal display device, Wherein the ?ickers of the 
displayed image may be eliminated. 

[0011] Moreover, the present invention relates to an elec 
tronic device that incorporates the novel LCD display panel, 
Wherein the ?ickers of the displayed image may be elimi 
nated. 

[0012] In accordance With one aspect of the present inven 
tion, the re?ective layer in a liquid crystal display is sand 
Wiched betWeen tWo transparent conductive layers (e.g., 
transparent electrodes of ITO, IZO). The liquid crystal 
display panel comprised of a plurality of pixels may com 
prise a ?rst substrate, a second substrate, a liquid crystal 
layer, a re?ective layer and a cover layer. A surface of the 
second substrate comprises a second transparent electrode. 
The liquid crystal layer is disposed betWeen the ?rst sub 
strate and the second substrate. The re?ective layer is 
disposed over at least a portion of the second transparent 
electrode. The cover layer is disposed over the re?ective 
layer. 
[0013] In one embodiment of the present invention, the 
re?ective layer may further comprise at least a ?rst re?ective 
layer disposed betWeen the cover layer and the second 
transparent electrode, and a second re?ective layer disposed 
betWeen the cover layer and the ?rst re?ective layer. 

[0014] The liquid crystal display device of the present 
invention may comprise a liquid crystal display panel and a 
drive control circuit controlling imaging of the liquid crystal 
display panel. The display panel may be the liquid crystal 
display panel of the present invention described above, and 
thus Will no more be described. 

[0015] The electronic device of the present invention may 
comprise a liquid crystal display device and an input device 
for providing an input data to the liquid crystal display 
device for rendering an image. The display device may be 
the liquid crystal display device of the present invention 
described above, and thus Will not be repeated again. 

[0016] Accordingly, in the present invention, the re?ective 
layer of the bottom substrate is disposed betWeen the second 
transparent electrode and the cover layer. Since the ?rst 
transparent electrode of the top substrate and the cover layer 
over the re?ective layer of the bottom substrate may be 
composed of same material, the difference of the Work 
function betWeen the ?rst transparent electrode of the top 
substrate and the cover layer of the bottom substrate may be 
minimized. Therefore, the ?ickers of the displayed image 
may be eliminated. 

[0017] Moreover, since the re?ective layer may include a 
?rst re?ective layer disposed betWeen the second transparent 
electrode and the second re?ective layer, the junction resis 
tance of the surface betWeen the re?ective layer and the 
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second transparent electrode may be reduced. Therefore, the 
cross talk of the displayed image may also be eliminated. 

[0018] Another aspect of the present invention is directed 
to a method of fabricating a display panel having the 
re?ective layer sandWiched betWeen tWo transparent layers 
in accordance With the present invention. 

[0019] If the re?ective layer over the second transparent 
electrode de?nes a transmissive region in each pixel, the 
liquid crystal display is a trans?ective type display. If the 
re?ective layer completely covers the second transparent 
electrode With no transmissive regions in each pixel region, 
the liquid crystal display is a re?ective type display. 

[0020] One or part or all of these and other features and 
advantages of the present invention Will become readily 
apparent to those skilled in this art from the folloWing 
description Wherein there is shoWn and described one 
embodiment of this invention, simply by Way of illustration 
of one of the modes best suited to carry out the invention. As 
it Will be realiZed, the invention is capable of different 
embodiments, and its several details are capable of modi? 
cations in various, obvious aspects all Without departing 
from the invention. Accordingly, the draWings and descrip 
tions Will be regarded as illustrative in nature and not as 
restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The accompanying draWings are included to pro 
vide a further understanding of the invention, and are 
incorporated in and constitute a part of this speci?cation. 
The draWings illustrate embodiments of the invention and, 
together With the description, serve to explain the principles 
of the invention. 

[0022] FIG. 1 is a schematic sectional vieW along line B-B' 
in FIG. 2, illustrating a trans?ective LCD according to one 
embodiment of the present invention. 

[0023] FIG. 2 is a schematic top vieW along line A-A' of 
the trans?ective LCD shoWn in FIG. 1. 

[0024] FIG. 3A to FIG. 3E are schematic sectional vieWs 
illustrating the steps leasing to the structure of a re?ective 
layer according to one embodiment of the present invention. 

[0025] FIG. 4 is a schematic sectional vieW along line B-B' 
in FIG. 5, illustrating a re?ective LCD according to one 
embodiment of the present invention. 

[0026] FIG. 5 is a schematic top vieW along line A-A' of 
the re?ective LCD shoWn in FIG. 4. 

[0027] FIG. 6 is a block diagram illustrating a display 
device according to one embodiment of the present inven 
tion. 

[0028] FIG. 7 is a block diagram illustrating an electronic 
device according to one embodiment of the present inven 
tion. 

DESCRIPTION OF EMBODIMENTS 

[0029] The present invention noW Will be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which embodiments of the invention are shoWn. This 
invention may, hoWever, be embodied in many different 
forms and should not be construed as limited to the embodi 
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ments set forth herein; rather, these embodiments are pro 
vided so that this disclosure Will be thorough and complete, 
and Will fully convey the scope of the invention to those 
skilled in the art. Like numbers refer to like elements 
throughout. 
[0030] FIG. 1 is a schematic sectional vieW illustrating a 
trans?ective LCD according to one embodiment of the 
present invention. Referring to FIG. 1, the trans?ective LCD 
100 comprises, for example but not limited to, a ?rst 
polariZer 102, a ?rst substrate 104, a ?rst transparent elec 
trode 106, a liquid crystal layer 108, a second substrate 110, 
a second transparent electrode 112, a second polariZer 114, 
a light source module 116, a re?ective layer 124 and a cover 
layer 125. In this embodiment, the re?ective layer 124 
de?nes a transmissive region 126, and thus the display panel 
is a trans?ective LCD panel. 

[0031] Referring to FIG. 1, the light 132 emitted from the 
light source module 116 may be totally re?ected to form a 
light 134. A portion of the light 134 may pass through the 
transmissive region 126, and the polarization direction of the 
light 134 may be changed by the liquid crystal layer 108. In 
addition, a light 136 from the surrounding environment 
above the polariZer 102 may pass through the liquid crystal 
layer 108 and be re?ected by the re?ective layer 124 to form 
a light 138. Thereafter, if the polariZed light 134 or 138 may 
pass through the ?rst polariZer 102, the polariZed light 134 
or 138 may be observed by the vieWer. Therefore, any one 
or both of the light 136 from the surrounding environment 
or the light 132 from the light source module 116 may be 
provided as the light source of the trans?ective LCD 100. 

[0032] Referring to FIG. 1, the ?rst substrate 104 and the 
second substrate 110 may comprise transparent substrate 
comprising, for example, glass substrate. The ?rst transpar 
ent electrode 106 is formed over the ?rst substrate 104 and 
the second transparent electrode 112 is formed over the 
second substrate 110. The material of the transparent elec 
trode may comprise, indium tin oxide (ITO) or indium Zinc 
oxide (IZO). The liquid crystal layer 108 comprising liquid 
crystal molecules 118 is ?lled betWeen the ?rst transparent 
electrode 106 and the second transparent electrode 112. 

[0033] In one embodiment of the present invention, a 
semiconductor component layer 120 may be further dis 
posed betWeen the second transparent electrode 112 and the 
second substrate 110. The semiconductor component layer 
120 may comprises, for example, a metal layer 122 con 
nected to external display drivers (not shoWn) for driving the 
trans?ective LCD 100. 

[0034] FIG. 2 is a schematic top vieW along line A-A' of 
the trans?ective LCD 100 shoWn in FIG. 1. Referring to 
FIGS. 1 and 2, the re?ective layer 124 is formed over the 
second transparent electrode 112 and de?nes a transmissive 
region 126, Wherein each pixel 101 is generally de?ned 
Within a boundary of the re?ective layer 124. In other Words, 
the re?ective layer 124 in each pixel 101 has an opening, and 
the opening is regarded as the transmissive region 126. In 
particular, the cover layer 125 is formed over the re?ective 
layer 124 and covered the transmissive region 126, and thus 
the re?ective layer 124 is sandWiched betWeen the cover 
layer 125 and the second transparent electrode 112. The 
transmissive region 126 is adopted for alloWing the passing 
through of the light 134 from the light source module 116, 
and the re?ective layer 124 is provided for re?ecting the 
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light 136 from the surrounding environment. In one embodi 
ment of the present invention, the pixel 101 may comprise 
a monochromatic pixel or a sub-pixel having any one the 
three primary colors (red, green or blue). A metal layer 122 
shoWn With dotted line in FIG. 2 represents a connection 
With external display drivers (not shoWn) for driving the 
pixel. 
[0035] FIG. 3A to FIG. 3E are schematic cross-sectional 
vieWs illustrating a manufacturing process of a re?ective 
layer according to one embodiment of the present invention. 
Referring to FIG. 3A, a substrate structure 30011 is formed by 
the folloWing steps. First, a second substrate 110 compris 
ing, for example, transparent substrate such as glass sub 
strate is provided. Then, a second transparent electrode 112 
is formed over the second substrate 110. The material of the 
second transparent electrode 112 may comprise, for 
example, indium tin oxide (ITO) or indium Zinc oxide (IZO). 
In another embodiment of the present invention, a semicon 
ductor component layer 120 comprising, for example, the 
metal layer 122 may be formed over the second substrate 
110, and then the second transparent electrode 112 may be 
formed over the semiconductor component layer 120. 

[0036] Next, referring to FIG. 3B, a re?ective layer 124 
and a photoresist layer 328 may be formed over the substrate 
structure 300a. Therefore, the substrate structure 3001) is 
formed. 

[0037] In one embodiment of the present invention, the 
re?ective layer 124 may comprise a ?rst re?ective layer 
124a and a second re?ective layer 1241). The ?rst re?ective 
layer 12411 is disposed over the second transparent electrode 
112, and the material of the ?rst re?ective layer 124a may 
comprise molybdenum (Mo). The second re?ective layer 
1241) is disposed over the ?rst re?ective layer 124a, and the 
material of the second re?ective layer 1241) may comprise 
aluminum neodymium (AlNd). 

[0038] Thereafter, referring to FIG. 3C, the photoresist 
layer 328 is patterned to form a patterned photoresist layer 
328a. Thus, the substrate structure 3000 is obtained. 

[0039] Next, referring to FIG. 3D, the re?ective layer 124 
is patterned to form the patterned re?ective layer 124 
including the patterned ?rst re?ective layer 124a and the 
patterned second re?ective layer 1241). Therefore, the sub 
strate structure 300d is obtained. 

[0040] Thereafter, referring to FIG. 3E, the patterned 
photoresist layer 328a over the substrate structure 300e is 
removed, and then a cover layer 125 is formed over the 
re?ective layer 124 covering the transmissive region 126. 
Thus, the substrate structure 300e is obtained. The material 
of the cover layer 125 may comprise indium tin oxide (ITO) 
or indium Zinc oxide (IZO), and may be formed by, for 
example, physical vapor deposition (PVD) method. In one 
embodiment of the present invention, the material of the 
cover layer 125 may be same as that of the ?rst transparent 
electrode 106 in FIG. 1 so that the cover layer 125 has the 
same Work function to that of the ?rst transparent electrode 
106 in FIG. 1. 

[0041] Referring to FIG. 3E, in one embodiment of the 
present invention, an anistropic conductive ?lm (ACF) (not 
shoWn) may also be disposed over the cover layer 125. It is 
noted that the conductivity betWeen the cover layer 125 and 
the anistropic conductive ?lm is much better than that 

Apr. 5, 2007 

betWeen the re?ective layer 124 and the anistropic conduc 
tive ?lm. Therefore, the driving capacity of the trans?ective 
LCD of the present invention may be enhanced. 

[0042] SWitching a re?ective layer betWeen tWo transpar 
ent layers to eliminate the ?ickers of the displayed image 
may also be applied to a re?ective type display. As shoWn in 
FIG. 4 and FIG. 5, the re?ective LCD panel 200 is similar 
to that draWn in FIGS. 1 and 2. The difference betWeen the 
tWo LCD panels is that the re?ective layer 124 and the cover 
layer 125 of FIG. 4 and FIG. 5 completely cover the second 
transparent electrode 112 in each pixel 101 With no trans 
missive regions. Thus, the display panel 200 is a re?ective 
LCD panel, and a light source module is not required. 

[0043] FIG. 6 is a block diagram illustrating a display 
device according to one embodiment of the present inven 
tion. Examples of the display device include ?at panel 
display monitors. The display device 400 may comprise, for 
example, a liquid crystal display panel 402 and a drive 
control circuit, such as a scan driver 404 and a data driver 
406, for controlling imaging of the liquid crystal display 
panel 402. The scan driver 404 connected to the display 
panel 402 via a plurality of scan lines, and the data driver 
406 connected to the display panel 402 via a plurality of data 
lines. The display panel 402 may comprise the trans?ective 
LCD panel or the re?ective LCD panel of the present 
invention described above and thus Will not be repeated 
agarn. 

[0044] FIG. 7 is a block diagram illustrating an electronic 
device according to one embodiment of the present inven 
tion. Referring to FIG. 5, an electronic device 500 com 
prises, for example, the display device 400 as shoWn in FIG. 
4 and an input device 508 for providing an input data to the 
liquid crystal display device 400 for rendering an image. The 
input device 508 may be adopted for receiving the image 
data, the command from the user and so on. 

[0045] Accordingly, in the present invention, the re?ective 
layer is disposed betWeen the second transparent electrode 
and the cover layer. Since the ?rst transparent electrode and 
the cover layer may be composed of same material, the 
difference of the Work function betWeen the ?rst transparent 
electrode and the cover layer may be minimized. Therefore, 
the ?ickers of the displayed image may be eliminated. 

[0046] In addition, since the second transparent electrode 
is disposed betWeen the re?ective layer and the semicon 
ductor component layer including the metal layer and the 
cover layer is formed covering the re?ective layer and the 
transmissive region, the crack or break of the re?ective layer 
at the junction betWeen the re?ective layer and the trans 
missive region may also be eliminated. 

[0047] Moreover, since the re?ective layer may include a 
?rst re?ective layer disposed betWeen the second transparent 
electrode and the second re?ective layer, the junction resis 
tance of the surface betWeen the re?ective layer and the 
second transparent electrode may be reduced. Therefore, the 
cross talk of the displayed image may also be eliminated. 

[0048] The foregoing description of the embodiment of 
the present invention has been presented for purposes of 
illustration and description. It is not intended to be exhaus 
tive or to limit the invention to the precise form or to 
exemplary embodiments disclosed. Accordingly, the fore 
going description should be regarded as illustrative rather 
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than restrictive. Obviously, many modi?cations and varia 
tions Will be apparent to practitioners skilled in this art. The 
embodiments are chosen and described in order to best 
explain the principles of the invention and its best mode 
practical application, thereby to enable persons skilled in the 
art to understand the invention for various embodiments and 
With various modi?cations as are suited to the particular use 
or implementation contemplated. It is intended that the 
scope of the invention be de?ned by the claims appended 
hereto and their equivalents in Which all terms are meant in 
their broadest reasonable sense unless otherWise indicated. It 
should be appreciated that variations may be made in the 
embodiments described by persons skilled in the art Without 
departing from the scope of the present invention as de?ned 
by the following claims. Moreover, no element and compo 
nent in the present disclosure is intended to be dedicated to 
the public regardless of Whether the element or component 
is explicitly recited in the following claims. 

What is claimed is: 
1. A liquid crystal display panel comprising a plurality of 

pixels, each pixel comprising: 

a ?rst substrate Wherein a surface of the second substrate 
comprises a ?rst transparent electrode; 

a second substrate, Wherein a surface of the second 
substrate comprises a second transparent electrode; 

a re?ective layer, disposed over at least a portion of the 
second transparent electrode; 

a cover layer, disposed over the re?ective layer; and 

a liquid crystal layer, disposed betWeen the ?rst substrate 
and the second substrate. 

2. The liquid crystal display device of claim 1, Wherein 
the re?ective layer further comprises at least a ?rst re?ective 
layer disposed betWeen the cover layer and the second 
transparent electrode, and a second re?ective layer disposed 
betWeen the cover layer and the ?rst re?ective layer. 

3. The liquid crystal display device of claim 2, Wherein a 
material of the ?rst re?ective layer comprises molybdenum. 

4. The liquid crystal display device of claim 2, Wherein a 
material of the second re?ective layer comprises aluminum 
neodymium. 

5. The liquid crystal display device of claim 1, Wherein 
the cover layer has a material as same as that of the ?rst 
transparent electrode. 

6. The liquid crystal display device of claim 1, Wherein a 
material of the second transparent electrode or the cover 
layer comprises an indium tin oxide (ITO) or an indium Zinc 
oxide (IZO). 

7. The liquid crystal display device of claim 1, Wherein 
the re?ective layer completely covers the second transparent 
electrode in each pixel. 
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8. The liquid crystal display device of claim 1, Wherein 
the re?ective layer over the second transparent electrode 
de?nes a transmissive region in each pixel, and the cover 
layer covers the re?ective layer and the transmissive region. 

9. The liquid crystal display device of claim 1, further 
comprising a ?rst transparent electrode on a surface of the 
?rst substrate. 

10. The liquid crystal display device of claim 1, further 
comprising a light source module disposed at a side of 
another surface of the second substrate. 

11. The liquid crystal display device of claim 10, further 
comprising a second polariZer disposed betWeen the second 
substrate and the light source module. 

12. The liquid crystal display device of claim 1, further 
comprising a ?rst polariZer disposed at a side of another 
surface of the ?rst substrate. 

13. A method for constructing a liquid crystal display 
panel, comprising: 

providing a ?rst substrate; 

providing a second substrate, Wherein a surface of the 
second substrate comprises a second transparent elec 
trode; 

forming a re?ective layer over at least a portion of the 
second transparent electrode 

forming a cover layer over the re?ective layer; and 

forming a liquid crystal layer betWeen the ?rst substrate 
and the second substrate. 

14. A liquid crystal display device, comprising: 

a liquid crystal display panel as in claim 1; and 

a drive control circuit controlling imaging of the liquid 
crystal display panel. 

15. An electronic device, comprising: 

a liquid crystal display device as in claim 13; and 

an input device for providing an input data to the liquid 
crystal display device for rendering an image. 

16. A substrate panel for a liquid crystal display panel, 
comprising: 

a substrate, Wherein a surface of the substrate comprises 
a transparent electrode; 

a re?ective layer, disposed over at least a portion of the 
transparent electrode; and 

a cover layer, disposed over the re?ective layer. 

* * * * * 


